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INTRODUCTION. 


Improved  earth  handling  appliances  of  large  capaci- 
ty, such  as  steam  shovels,  "ballast  cars,  and  unloading  cars, 
have  so  cheapened  the  cost  of  handling  dirt  in  late  years, 
that  for  large  em'banlcments  the  old  methods  of  construction  "by 
teams  and  scrapers  has  "been  practically  ahandoned.      As  a  re- 
sult trestle  filling  has  become  a  widely  established  method  of 
constructing  railway  fills.      When  new  roads  are  being  built,  . 
temporary  trestles  are  frequently  built  out  of  the  timber  at 
hand,  in  order  to  open  the  road  to  traffic  and  begin  earning 
money  as  soon  as  possible.      These  trestles  are  later  filled 
by  v/ork  trains  at  odd  times.      ^'^Tien  a  railroad  is  financially 
able  to  float  the  entire  debt  incurred  by  the  construction  of 
its  roadbed,  contracts  are  at  once  let  and  the  problems  of 
building  fills,  etc.,  are  turned  over  to  the  contractors.  When 
the  height  of  the  fill,  and  local  conditions  demand,  trestles 
are  employed.       This  latter  form  of  trestle  is  far  more  tem- 
porary as  its  utility  ends  as  soon  as  the  fill  is  made.  For 
this  reason  the  contractor  will  build  as  cheaply  as  possible. 

The  subject  of  this  paper,  "TEIvIPORARY  TRESTLES 
TEE  CONSTRUCTIOIT  07  RAILROAD  "PILLS"  ,  is  construed  by  the  writer 
to  embrace  both  the  standard  gauge  type  as  built  by  the  rail- 
road company  and  the  narrow  gauge  trestle  built  by  the  con- 
tractor.     Several  facts  pertaining  to  the  contractor's  trestle 
viz;     its  short  life,  the  varying  loads  to  which  it  is  sub- 
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jected,  a  minirauin  amount  of  money  spent  in  its  construction, 
make  the  designs  peculiar  to  the  locality''  and  to  the  contract- 
ing company.      The  great  variation  in  designs  has  lead  the 
writer  to  attempt  to  formulate  a  standard  method  to  he  followed 
in  design  of  such  structures. 

The  fact  t?aat  locality  in  a  large  measure  will  de- 
termine the  kind  of  tiraher  used,  the  nature  of  the  footings, 
the  material  to  "be  handled,  and  the  methods  used  in  the  con- 
struction of  the  fill,  makes  it  impossible  to  formulate  a  de- 
sign which  would  stand  good  in  all  cases.      However  the  writer 
believes  that  the  principles  involved  are  covered  in  the  de- 
signs made  in  this  paper  and  has  attempted  to  set  forth  the 
most  general  conditions. 


GENERAL  CONSIDERATIONS 


GOVERNING  DESIGN. 
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There  are  in  the  United  States  today  approximately 
2000  miles  of  timber  trestles,  so  designed  that,  in  some  cases 
they  are  "barely  able  to  carry  the  working  loads.       In  some  in- 
stances they  are  found  to  he  thirty  times  too  strong.  These 
conditions  are  due  to  a  number  of  causes,  tv/o  of  which  are  the 
most  obvious.       The  cheapness  of  timber  in  the  past  did  not 
require  careful  designing,  from  an  economic  standpoint.  The 
wide  variation  in  the  strength  of  timber  gave  so  great  a  range 
to  the  factors  of  safety  that  all  scientific  investigation  for 
the  purpose  of  securing  uniformity  of  constants,  was  discour- 
aged.     Today,  through  the  efficient  work  of  the  "Forestry  Di- 
vision of  the  Department  of  Agriculture  and  that  carried  on 
by  the  railroads  of  the  country  along  the  line  of  strength  of 
timber,  much  more  is  knov/n ,  and  the  causes  for  variance  in  the 
working  constants  are  more  easily  assigned. 

Since  the  strength  of  timber  varies  greatly  with  the 
amount  of  moisture  contained,  the  economical  design  of  trestles 
necessitates  the  division  of  timber  into  groups  according  to 
the  moisture  content.      The  temporary  trestle  is  exposed  free- 
ly in  all  its  parts  to  the  air  and  elements  at  all  times  ,  and 
such  timber  is  considered  by  the  forestry  Division  to  come  un- 
der the  class  containing  eighteen  per  cent  moisture.      It  is 
the  practice  of  some  roads  to  consider  all  trestle  timber  green, 
and  to  design  on  such  a  basis.      This  is  practically  the  con- 
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dition  assumed  alDove.      Tiinber  containing  eighteen  per  cent 
moisture  is  commonly  termed  "half -dry"  and  the  increase  in 
strength  from  the  green  to  the  "half-dry conditi on  is  so  slight 
as  to  "be  immaterial,  according  to  the  information  issued  hy 
the  forestry  Division.       These  considerations  seem  to  validate 
the  use  of  allowahle  v/orking  stresses  at  eighteen  per  cent 
moisture  content  in  the  designs  in  this  paper. 

TalDle  1  gives  the  average  safe  allowable  working  unit 
stresses  in  pounds  per  square  inch  recommended  the  committee 
on  "strength  of  bridge  and  trestle  timbers"  ,  of  the  American 
Association  of  Rail-my  Superintendents  of  Bridges  and  Build- 
ings.      Table  2  contains  the  allov/able  safe  unit  stresses,  ex- 
pressed in  pounds  per  square  inch  at  eighteen  per  cent  mois- 
ture content,  as  recommended  by  the  Division  of  Forestry.  The 
latter  table  embraces  fev/er  species  ".^hich  are  the  ones  more 
commonly  used.      By  comparing  tables  !1  and  2  the  difference 
due  to  the  variation  in  moisture  content  is  easily  recognized.  " 
The  values  of  table  2  will  be  used  in  the  v/ork  at  hand. 
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TRESTLE  TILffiER. 

The  tiniber  availa'ble  for  trestle  purposes  varies 
greatly  in  different  parts  of  the  United  States  ,  and  the  fact 
that  in  certain  sections  the  local  timber  is  not  of  a  suitable 
nature,  necessitates  lon^^  hauls  and  high  cost  to  the  railroads. 
In  the  north  and  east  F.ed  Oak,  Loblolly  Pine  and  Chestnut  are 
the  most  abundant.       In  the  central  section  Red  Oak,  Swamp 
Oak,  and  Loblolly  Pine;    while  in  the  western  states  Loblolly 
Pine,  True  ITirs  ,  Yellow  Pine,  and  Lodgepole  Pine  are  common. 
As  may  be  seen  by  table  3,  these  local  v/oods  are  not  the  ones 
used  in  trestle  construction  by  the  various  roads.      In  this 
table  F.ay  be  found  the  species,  len^/th  of  life,  position  in 
trestle,  and  the  per  cent  of  roads  using  that  species.  The 
tahle  was  made  from  a  similar  one  published  by  the  Forestry 
division  of  the  Department  of  Agriculture  ,  five  of  the  most 
commonly  used  species  being  taken  in  each  case. 

The  classes  of  timber  given  in  table  3  are  so  placed 
with  reference  to  standard  gauge  trestles.       In  the  case  of 
trestles  built  by  the  contractor,  the  locfxlity  ,  and  usually 
the  locality  alone,  determines  the  kind  of  timber  to  be  employed. 
As  practically  all  the  timber  in  these  trestles  is  covered  up 
by  the  filling  material  and  lost  as  far  as  future  utility  is 
concerned,  the  main  consideration  in  the  buying  of  the  timber 
is  to  get  something  as  cheap  as  possible.       The  price  of  such 
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material  is  affected  "by  many  conditions.      If  the  railroad 
construction  necessitating;  trestles  is  located  in  a  timfcer 
country,  it  is  generally  cheaper  to  "buy  locally.  Except 
for  stringers  and  other  timber,  which  requires  a  high  degree 
of  soundness  ,  this  statement  will  prove  true  in  any  locality , 
as  the  piles  and  timber  taking  a  direct  compressive  stress  , 
may  "be  made  excessively  large  ,  when  an  inferior  quality  of 
wood  has  to  "be  used.       If  the  work  is  "being  done  for  a  rail- 
road company  which  gives  ,  under  the  terms  of  its  contract , 
free  transportation  of  trestle  material,  the  timber  may  he 
secured  at  a  point  on  the  road  or  at  a  point  close  to  it,  and 
shipped  a  long  distance  at  a  less  cost  per  foot  B.  M.  than 
the  local  conditions  provide.      v.'ithin  certain  "bounds,  these 
considerations  govern  the  kind  of  material  used  ,  rather  than 
the  strength  and  lasting  qualities  of  the  timber  itself. 

T  imm  SPEC  IP  I  c  T I ONS . 

At  the  present  time  the  specifications  regarding 
trestle  timber  are  not  fully  developed.       The  major  portion 
of  the  v/ork  along  this  line  has  been  done  by  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association ,  and 
the  latest  rules  as  adopted  by  that  body  in  Ivlarch ,  1911,  are 
here  quoted  in  part.       So  far  only  a  few  of  the  standard 
species  are  treated,  and  on  account  of  this  fact  they  will  be 
used  as  far  as  possible  in  this  paper. 
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SPECIFICATIONS  POR  DOUGI^AS  PIR  STRUCTURAL  TIIvIBERS. 

"All  timbers  shall  "be  of  live,  sound,  straight- 
grained  timber,  sawed  square  edges.      V/hen  rough  shall  not 
be  more  than  l/4  scant  of  actual  size.     Example:     A  piece  of 
12x12  slmll  not  measure  less  than  ll-|xll|  in.    When  surfaced, 
1/4  in.  shall  be  allowed  for  each  face  dressed.  Example: 
A  piece  12x12  shall  measure  not  less  than  11-^x11-^  in, 

"A  reasonable  variation  from  these  rules  shall  be 
allowed  where  the  general  character  of  the  piece  shows  its 
suitability  for  the  purpose  intended. 

"Select  Stringers,  either  red  or  yellow  fir,  shall 
show  not  less  than  80  per  cent,  of  heart  on  each  of  the  four 
sides  ,  measured  across  the  sides  anywhere  in  the  length  of 
the  piece;     loose  knots,  or  knot  greater  than  1-^  in,  in 
diameter,  will  not  be  permitted  at  points  within  4  in.  of 
the  edges  of  the  piece.       Shall  be  free  from  shakes  or  splits. 

"Standard  Stringers,  either  red  or  yellow  fir  or 
hemlock,  will  allow  1  in.  v/ane  on  one  corner--knots  not  to 
exceed,  in  their  largest  diameter,  l/4  the  width  of  the  face 
of  the  stick  in  which  they  occur.      Ring  shakes  extending  not 
over  1/8  the  length  of  the  piece  are  adinissable. 

"Select  Caps  and  Sills,  either  red  or  yellow  fir, 
shall  shov/  80  per  cent,  heart  on  each  of  the  four  sides, 
measured  across  the  sides  anywhere  in  the  length  of  the  piece; 
to  be  free  from  knots  over  3  in.  in  diameter;     knots  must  not 
be  in  groups.      Free  from  shakes  or  splits. 
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"Standard  Caps  or  Sills  ,  either  red  or  yello  fir 
or  hemlock,  will  allow  1  in.   .vane  on  one  corner,  or  ^  in. 
wane  on  two  corners.      Knots  must  not  exceed  in  the  largest 
diameter  1/4  the  width  of  the  face  of  the  stick  in  which 
they  occur.      Ring  shakes  extending  not  over  l/s  the  length 
of  the  piece  admissible. 

"Select  Posts,  either  red  or  yellow  fir,  shall 
show  not  less  than  75  per  cent,  heart,  measured  across  the 
face  any.vhere  in  the  length  of  the  piece;     to  "be  free  from 
knots  over  3  in.  in  diameter,  and  must  not  he  groups.  Shall 
he  free  from  shakes  or  splits. 

"Standard  Posts  ,  either  red  or  yellow  fir  or  hem- 
lock.     V/ill  allow  1  in.  wane  on  one  corner,  or  4  in.  wane  on 
two  corners.      Knots  must  not  exceed  in  their  largest  diameter 
1/4  of  the  width  of  the  face  of  the  stick  in  which  they  occur. 
Ring  shakes  shall  not  extend  over  I/8  of  the  length  of  the 
piece. 

"Select  Longitudinal  Struts  or  Girts. — Either  red 
or  yellow  fir  shall  shov/  one  face  all  heart;     the  other  face 
and  two  edges  shall  show  not  less  than  85  per  cent,  heart, 
measured  across  the  face  or  edge  any.vhere  in  the  length  of  the 
piece;     to  he  free  from  knots  over  14-  in.  in  diameter. 

"Standard  Longitudinal  Struts  or  Girts. — Either  red 
or  yellow  fir  or  hemlock.      Shall  he  square  edged  and  sound; 
to  he  free  from  knots  of  Ig-  in.   in  diameter  or  over, 

"Select  Longitudinal  X-Braces  ,     sash  Braces  and 
Sway  Braces,       Shall  shov/  not  less  than  80  per  cent,  heart  on 
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two  faces  cind  four  square  edges  ;     to  be  free  from  knots  over 
1^  in.  in  diameter. 

"Standard  Longitudinal  X-Braces  ,  Sash  Braces  and 
Sv/ay  Braces;  shall  be  square  edged  and  sound;  to  be  free 
from  knots  over  2^  in.   in  diameter. 

"Select  Ties  and  Guard  Timbers . --Either  red  or  yel- 
low fir,  shallshow  one  face  and  one  edge  all  heart;     the  other 
side  and  edge  shcill  show  not  less  than  75  per  cent,  heart, 
measured  across  the  surfcice  anywhere  in  the  length  of  the  piece. 
Sh^ll  be  free  from  shakes  or  splits.       Shiill  be  free  from 
black  or  rotten  knots  or  sound  knots  over  2^  in.   in  diameter. 

"Flooring  or  Pecking. — Red  or  yellow  fir  or  v;estern 
hemlock  shall  "be  good  sound  common  lumber.      V/ill  admit  sound 
knots  not  over  l/'6  the  width  of  the  piece.      Spike  knots  not 
over  2/3  the  width  of  the  piece,  wane  not  oyer  -g-  in.  deep  on 
edge  and  14-  in.  wide  on  face,  extending  not  over  l/4  the  length 
of  the  piece;     season  checks,  2  or  3  grub  worm-hol^s  ,  a  limit- 
ed number  of  pin  wormholes ;     torn  grain. 

•'Piles. --Red  or  yellow  fir,  cut  from  straight,  live, 
thrifty  trees,  free  from  rotten  knots^  shakes  or  splits. 

"Selected  Sheet  Piles. — Selected  common,  either  red 
or  yellow  fir,  must  be  square  edged.  Will  admit  any  quanti- 
ty of  sound  knots  not  over  1-^  in.  in  diameter,  or  small  pitch 
pockets  not  over  4  in.   in  length. 

"No.  1  Sheet  Piles. — No.  ^1  common,  either  red  or 
yellow  fir  or  v/estern  hemlock,  ■Mil']  admit  of  sound  knots  not 
over  1/3  the  v/idth  of  the  piece.       Spike  knots  not  over  2/3 
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the  width  of  the  piece,  wane  not  over  ^  in.  deep  on  edge  and 
1  in.  wide  on  face  up  to  2x6,  and  |-  in.  deep  on  edge  and 
in.  wide  on  face  on  2x8  and  wider,  extending  not  over  l/4  the 
length  of  the  piece;     stain,  solid  pitch,  pitch  pockets,  sea- 
son checks  ,  2  or  3  wormholes  ,  a  limited  numher  of  pin  ,vorm- 
holes ;     torn  grain." 


Longleaf  Yello'//  Pine. 
"Stringers. — Shall  show  not  less  than  85  per  cent, 
heart  on  the  girth  anywhere  in  the  length  of  the  piece;  pro- 
vided, however,  that  if  the  maximum  amount  of  sar^  is  shown  on 
either  narro^v  face  of  the  stringer  the  average  depth  of  sap 
shall  not  exceed  ^  in.      Knots  greater  than  1^  in.   in  diameter 
will  not  he  permitted  at  any  section  within  4  in.  of  the  edge 
of  the  piece,  "but  knots  shall  in  no  case  exceed  4  in.  in  their 
largest  diameter. 

"Caps  and  sills. — Shall  show  not  less  than  85  per 
cent,  heart  on  each  of  the  four  sides,  measured  across  the 
piece  any.vhere  in  the  length  of  the  piece;     to  "be  free  from 
knots  over  2^  in.  in  diameter. 

"Posts. — Shall  show  not  less  than  75  per  cent,  heart 
on  each  of  the  four  sides,  measured  across  the  sides  anywhere 
in  the  length  of  the  piece  ,  and  to  he  free  from  knots  over  2^ 
in.   in  diameter. 

"Longitudinal  struts  and  girts. --One  side  shall  show 
all  heart;     the  other  side  shall  show  not  less  than  85  per  cent, 
heart  measured  across  side  any-vh ere  in  the  length  of  the  piece, 
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and  shall  be  free  from  any  large  knots  or  other  defects  that 
will  materially  injure  its  strength. 

"Longitudinal  X  traces,  sash  braces  and  sway  braces. 
Shall  show  four  square  corners  and  not  less  than  80  per  cent, 
heart  on  each  of  tv/o  faces  and  shall  be  free  from  any  large 
knots  or  other  defects  that  will  materially  injure  its  strength. 

"Ties  and  guard  rails. — Shall  show  one  side  all  heart; 
the  other  side  and  two  edges  shall  show  not  less  than  7  5  per 
cent,  heart,  measured  across  the  face  anywhere  in  the  length 
of  the  piece;     shall  be  free  from  any  large  knots  or  other  de- 
fects tl-iat  will  materially  injure  its  strength,  and  where  sur- 
faced the  rem.aining  rough  face  shall  sho'v  all  heart. 

Standard  Long  and  Shortleaf  Yellow  Pine. 
••Stringers. — Shall  be  square  cornered,  with  the  ex- 
ception of  1  in.  wane  on  one  corner.      Knots  shall  not  exceed 
their  largest  diameter  one-fourth  the  width  of  the  face  of  the 
stock  in  which  they  occur  and  shall  in  no  case  exceed  4  in. 
Ring  shakes  shall  not  exceed  over  one-eighth  of  the  length  of 
the  piece. 

"Caps  and  sills. — Shall  be  square  cornered,  with  the 
exception  of  1  in.  v/ane  on  one  corner  or  -|-  in.  wane  on  two  cor- 
ners.     Knots  shall  not  exceed  in  their  largest  diameter  one- 
fourth  the  width  of  the  face  of  the  stick  in  v/hich  they  occur 
and  in  no  case  shall  exceed  4  in..     Ring  shakes  shall  not  ex- 
ceed over  one-eighth  of  the  length  of  the  piece. 

"Posts . --Shall  be  square  cornered,  v/ith  the  excep- 
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tion  of  1  in.  wane  on  one  corner;    ^-  in.  wane  on  two  corners. 
Knots  must  not  exceed  in  their  largest  diameter  one-fourth  of 
the  width  of  the  face  of  the  stick  in  which  they  occur,  and 
shall  in  no  case  exceed  4  in.      Ring  shakes  shall  not  extend 
over  one-eighth  of  the  length  of  the  piece. 

"Longitudinal  Struts  and  Girts . --Shall  te  square 
edge  and  sound  and  shall  be  free  from  any  large  knots  or  other 
defects  that  will  materially  injure  its  strength. 

"Longitudinal  X  Braces,  Sash  Braces  and  Sway  Braces. — 
Shall  he  square  cornered  and  sound  and  shall  be  free  from  any 
large  knots  or  other  defects  that  will  materially  injure  its 
strength. " 

TTo  specifications  for  White  Pine,  Norway  Pine,  and 
Hemlock  have  been  framed  to  date. 
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geiohai.  specifications  for  piles. 

All  timber  for  piles  shall  "be  cut  from  gro^^ing  trees, 
free  from  knots,  decay,  or  any  other  defects  which  would  impair 
its  durability.      Piles  shall  he  peeled  of  bark,  trimmed  of 
knots,  and  square  at  the  butt  end.      All  sizes  shall  be  straight 
and  tapering  after  peeling. 

Tad/e  ^. 

L/mitJn^   O/fTfW/ori)  fcrj/rnber  n/e.5. 


limit  of 

/rom  a 

la/^e  £rK/.  f  'ff- 

Jrr?o//£/7e/.  //f. 

yra/f/f^  line. 

Ye //or/  /9/7r. 

/Zfc  /-^ 

8 

Cec/ar. 

JO 

3 

z"  //?  /C 

Ore^o/?  /7/r 

/4  :/^/e 

/O 

JO 

/^ 

/o 

/"  /C 

/fcriA^a^  F^/7e  a/^^s/  ) 

36 

/o 

In  oak  piles  the  sap  ring  shall  be  less  than  2". 

In  fir  or  pine  piles  the  sap  ring  shall  be  less  than 
1^".       Sound  knots  only  are  allowed  if  within  4'  of  an  end. 

Table  4  together  with  the  specification  above  quoted 
are  taken  from  the  Engineering  ITew  of  1904,  vol.  2.     In  table 
4  the  allowable  proportions  for  various  species  of  pile  timber 
are  found  as  regards  slenderness  and  limiting  diameters. 
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IJ.EPACT  I>T  TILCBER  STRUCTURES. 

The  question,  as  to  the  correct  amount  of  stres;s  to 
assign  to  impact  in  structures  subjected  to  moving  loads,  is 
one  regarding;  which  many  theories  are  held.      In  steel  bridges 
and  viaducts  ,  the  impact  is  expressed  as  a  function  of  the 
live-load  stress  ,  v/hich  varies  with  the  loads  carried  by  the 
structure  and  with  the  length  of  the  loaded  portion  of  the 
structure  when  the  live-load  stress  is  produced.  According 
to  the  Specifications  for  1910  of  the  i\merican  Railv/ay  Engi- 
neering and  liaintenance  of  Way  Association,  the  imj)act  stress 

is  given  by  the  formula:       I  =  S  — SfiS  > 
^  L  +  300 

I  =  impact  stress  to  be  added  to  the  live-load  strain. 
S  =  computed  maximum  live-load  strain. 

L  =  loaded  length  of  track  in  feet  at  the  time  when  strain  S 
is  produced. 

The  coefficient    j^^^^-^qq'        constant  for  a  given  length  of 

track  as  it  includes  but  one  variable,  the  terra  L.      The  value 
of  the  impact  stress  thus  found  applies  only  to  the  live-load 
s  t  ra  i  n  . 

The  term  L  seems  the  only  one  in  the  formula  which 
needs  explanation.       In  bridge  design  this  length  is  considered 
as  the  distance  in  feet  from  a  support  to  the  point  where  the 
live-load  reaches  a  maximum.       This  is  supported  by  the  theory 
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that  a  stress  is  set  up  in  the  main  memTjers  of  the  "bridge  as 
soon  as  the  v/heel  loads  come  upon  the  structure ,  v^hich  stress 
approaches  a  maximum  as  the  engine  wheel  loads  approach  the 
position  for  maximuiit  loading  in  th^t  member.       Thus  in  a  bridge 
of  200  foot  span  the  coefficient  of  impact  might  become  as  low 
as  C.60.      In  timber  structures  it  is  impossible  for  the  writer 
to  conceive  of  any  impact  being  set  up  in  the  members  through 
a  distance  of  more  than  tv/o  or  three  spans.       In  a  standard 
gauge  trestle  where  the  stringers  are  continuous  over  two  spans , 
and  the  Joints  in  the  packed  stringers  come  at  alternate  bents, 
the  term  L  might  v/ell  be  considered  as  equal  to  three  spans. 
Three  spans  at  14  feet  equal  42  feet  ,  and  the  value  of  the  co- 
efficient is  300  divided  by  342,  or  0.877.       In  the  case  of 
the  contractor's  treslle ,  the  stringers  will  be  of  one  panel 
length.      With  a  single  stringer  under  each  rail  and  a  joint 
at  each  bent  ,  it  is  doubtlul  if  any  impact  will  be  set  up  in 
more  than  tvvo  panelt;  at  a  time.      Two  spans  at  16  feet  equal 
32  feet,  and  the  value  of  the  coefficient  will  be  300  divided 
by  332,  or  0.905.       If  we  consider  the  length  of  but  one  span 
as  effective  a  value  of  0.955  results.      All  of  the  above 
values  closely  approximate  l.OC  and,  in  the  opinion  of  t?ie 
7/riter  the  stress  due  to  impact  should  be  taken  as  100  per 
cent  of  the  live-load  strain.       If  so  designed  the  structure 
is  certainly  placed  on  the  side  of  safety. 
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OTHER  FACTORS  ^tPFECTIMG  DSSIGIT. 
In  accordance  with  the  same  specifications  mentioned 
alDove  ,  twenty  per  cent  of  the  live-load  applied  at  the  top  of 
rail  wjDl  "be  considered  as  the  amount  of  stress  for  which  the 
longitudinal  bracing  is  to  "be  designed.       The  forces  set  up 
"by  the  bralceing  of  trains,  those  naturally  arising  from  the 
passage  of  trains  and  those  due  to  ■::±nd  parallel  to  the  trestle, 
enter  into  the  above  amount. 

The  fact  that  the  trestles  under  consideration  are 
low  and  that  the  area  acted  on  by  the  wind  is  small,  seems  to 
make  the  specification  in  regard  to  lateral  wind  forces  high. 
The  trestle  bent  acts  as  a  column  with  fixed  ends  ,  especially 
when  piles  are  used,  thus  reducing  the  bending  moment.  The 
cross  bracing  of  bents  ,  made  necessary  to  insure  the  a.ction  of 
the  bent  as  a  unit,  is  usually  more  than  ample.      These  facts 
seem  to  make  the  specification  unnecessary.       The  specification 
states  that  a  force  of  50  pounds  per  square  foot  shall  be  con- 
sidered as  acting  on  1^  times  the  vertical  projection  of  the 
structure  unloaded,  or  30  pounds  per  square  foot  on  the  same 
surface  plus  400  pounds  per  linear  foot  of  structure  applied 
7  feet  above  the  rail  for  assumed  force  on  train  when  the 
structure  is  loaded.       These  specifications  v/ill  be  used  in 
this  Tjaper  in  the  case  of  the  standard  gauge  trestle  design, 
but  -will  be  omitted  in  the  design  of  the  narrow  gauge  type 
on  account  of  the  considerations  mentioned  above. 

Vrhen  the  structures  are  on  curves,  the  additional 
effects  due  to  centrifugal  force  of  trains  on  each  track  shall 
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"be  considered  as  live-load.       It  vrill  "be  assumed  to  act  five 
feet  above  the  base  of  rail ,  and  will  "be  computed  for  the 
speed  of  60-  3D  miles  per  hour:    D  being  the  degree  of  curve. 
As  it  is  the  purpose  of  the  writer  to  set  forth  the  general 
principles  of  trestle  design  ,  it  will  not  be  necessary  to  con 
sider  this  problem  of  curved  structures. 
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IMPACT  IN  TRESTLE  DUE  TO  TIIE  DUltPING  ACTION. 
TIIE  AliOUIIT  OV  EXTRA  STRESS  SET  UP  BY  FALLING  llATEPJ/J,. 


The  question  of  impact  due  to  engine  loads  has  "been 
discussed  in  the  foregoing  pages,  and  now  it  is  the  oT^ject  of 
the  writer  to  consider  the  relative  effect  of  impact  due  to 
the  rapid  dumping  of  the  material  from  the  cars.      So  far  as 
the  writer  has  "been  ahle  to  ascertain,  no  investigation  has 
heen  carried  out  along  this  line  and  any  value  taken  for  the 
stresses  thus  produced  v/ould  be  a  mere  guess. 

The  coefficient  of  impa,ct  strains  under  moving  load 
has  heen  talsen  as  1.00  in  the  previous  pages  of  this  paper, 
and  this  value  applies  to  the  loaded  cars  as  v/ell  as  the  en- 
gine.      The  strains  produced  "by  the  dumping  action  proper  are 
in  no  '.vay  included  in  this  va,lue  and  to  account  for  this  ex- 
tra stress  the  writer  proposes  to  use  a  coefficient  of  0.50. 
The  trestle  parts  v/ill  then  he  designed  for  the  live-load 
strain  plus  100  per  cent  of  the  live-load  stra,in  for  impact 
due  to  moving  loads  plus  50  per  cent  of  the  live-load  strain 
for  the  impact  due  to  the  dumping  action  alone. 

That  it  is  necessary  to  consider  this  impact  due  to 
the  rapid  diuaping  of  cars  ,  is  shovm  "by  the  fact  that  the  string- 
ers are  frequently  broken  during  this  action.       A  contractor 
of  large  experience  made  a  statement  to  the  writer  to  the  effect 
that  he  had  never  seen  a  stringer  fail  under  standing  or  moving 
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load,  the  "break  always  occurring  when  the  cars  are  "being 
dumped . 

Only  in  exceptional  cases  is  an  engine  run  out  on 
a  contractor's  trestle  less  than  thirty  feet  in  height.  Al- 
though no  set  rule  can  "be  laid  down  as  to  the  best  method  of 
filling  trestles  ,  in  regard  to  the  manner  in  which  the  trains 
shall  "be  handled  on  the  structure,  it  has  proved  good  practice, 
in  the  case  of  lo.v  fills,  to  dump  one  car  at  a  time,  the  empty 
cars  only  "being  pushed  far  out  on  the  trestle.      Y/hen  filling 
higher  trestles  ,  the  slope  of  the  earth  in  the  direction  of 
the  trestle  must  "be  kept  as  flat  as  pos3i"ble  to  minimize  the 
shoving  action  of  the  top  of  the  fill.       In  such  cases  the  en- 
gine and  train  is  all  run  onto  the  structure.      Under  these 
different  conditions  the  loading  is  materially  changed. 

Two  designs  of  the  contractor's  trestle  will  "be  made, 
one  on  the  "basis  of  engine  loads  ,  and  the  other  v/ith  the  load- 
ed cars  as  the  governing  factor.       It  is  the  object  of  the 
writer  to  shov/  that:     for  the  dinkey  engine,  the  designs  co- 
incide closely  and,  as  the  coefficient  of  impact  due  to  the 
dumping  of  cars  is  "but  a  guess  ,  the  design  under  the  engine 
loading  is  on  the  side  of  aafety.       Too  much  importance  can- 
not "be  laid  on  making  the  structure  perfectly  safe,  as  acci- 
dents are  common  in  this  class  of  work,  and  damage  suits  are 
usually  a  cause  of  heavy  loss  to  the  contractor. 


S'OIU'.ITATIOirS  /JIT  FOOTIilGS. 

In  practice  the  footings  for  the  contractor's  trestle 
secFi  to  receive  "but  little  attention.      The  importance  of  the 
footings     should  not  he  underestimated,  as  upon  the  footings 
the  entire  superstructure  rests  ,  and  any  settlement  in  them 
affects  the  v/hole  structure.      The  hearing  area  and  nature  of 
the  footings  is  governed  "by  the  local  conditions.       In  tahle 
5  the  safe  bearing  power  of  various  soils  are  given  in  tons 
per'  square  foot.       These  values  are  those  given  by  Corthell 
in  a  treatise  prepared  by  him  from  data  secured  through  ex- 
periments and  the  aid  of  contemporaries. 

Pile  bents  are  usually  employed  to  fomi  the  sub- 
structure of  trestles  of  standard  gauge.       In  low  trestles 
the  piles  reach  to  the  caps  and  when  the  height  necessitates 
such  construction  a  series  of  frjimed  bents  are  placed  upon 
the  capped  piles.       In  other  cases  mud  sills  are  employed, 
with  or  'vvithout  stone  or  concrete  pier  foundations.  The 
Chicago,  Burlington  and  Q,uincy  Railroad  is  using  at  the  pres- 
ent time  many  miles  of  concrete-capped  pile  and  concrete  pile 
foundations.       In  the  concrete-capped  pile  construction,  the 
piles  are  driven  and  cut  off  within  a  fev/  feet  of  the  ground. 
Upon  this  piling  the  concrete  cap  is  formed,  giving  sufficient 
anchorage  and  bearing  power  to  the  superstructure. 

For  the  contractor's  trestle,  a  permanent  quality 
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is  not  required  of  the  footings ,  as  they  are  only  in  use  for 
a  fevf  months,  or  until  the  work  is  completed^      Mud  sills  and 
tiniber  footings  are  usually  employed,  piles  being  used  only 
in  marshy  ground  where  a  sufficient  "bearing  value  can  "be  ob- 
tained in  no  other  way,      V/hen  piles  are  employed  by  the  con- 
tractor, they  are  capped  close  to  the  ground,  so  that  as 
short  a  pile  as  possible  will  suffice.      This  is  done  as  a 
matter  of  economy.       Sketches  below  table  5  show  cheap  but 
efficient  footings  employed  in  trestles  which  carried  the 
same  engine  and  cars  that  are  used  in  the  design  made  in  th.is 
paper.       Figure  ITo .  1  shows  the  footing  used  in  a  tv/o  pile 
bent  trestle,  tv/enty-five  feet  in  height,  at  Tunnel  City, 
Wisconsin.       This  type  of  footing  was  used  o-cr  four  miles  of 
double  tracking  work,  on  the  Chicago,  Milwaukee  and  St,  Paiil 
Railroad  ,  and  rested  on  sand  which  was  fairly  clean  and  com- 
pact.     Pigure  Ho.  2  illustrates  a  footing  of  the  same  type, 
used  in  sandy  clay  land  in  Iowa  under  the  same  loading. 
Two  different  sizes  of  bearing  area  were  required  as  the 
trestle  varied  greatly  in  height  in  different  parts  of  the 
work.      These  two  sizes  are  shown  in  the  figure. 

STRINGERS . 

For  the  various  members,  common  to  both  trestles 
the  rules  already  formulated  for  the  design  of  standard  gauge 
trestles  will  be  used.      Although  the  three  foot  gauge  trestle 
is  of  a  more  temporary  nature  ,  the  conditions  of  loading  are 
proportional  and  the  similarity  of  the  two  structures  justi- 
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fies  their  design  along  parallel  lines. 

The  stringers  will  "be  designed  iDy  aid  of  the  for- 
mula for  "bending  moment  given  belov/: 

Ifc  — g   or  ,  Td  =  v/here  , 

M  =  bending  moment  in  pounds  per  square  inch, 

Es=    safe  load  on  extreme  fi\>er  in  pounds  per  square  inch, 

b  =  breadth  of  beeim  in  inches  , 

h  =  height  of  beam  in  inches. 

After  the  cross-sectional  area  has  been  determined 
from  this  equation,  table  6,  from  the  results  of  the  forestry 
Division  of  the  Department  of  Agriculture,  must  be  employed 
in  order  to  ascertain  whether  or  not  sufficient  grip  at  end 
bearing  has  been  provided.      The  writer  considers  tab3e  6 
self-explanatory,  and  that  it  need  not  be  enlarged  upon  at 
this  point. 

CORBELS . 

The  advisability  of  the  use  of  corbels  ,  is  a  ques- 
tion upon  which  there  had  been  a  great  deal  of  debate ,  and 
in  the  following  lines  some  of  the  arguments  pro  and  con,  will 
be  presented.      Those  advocating  the  use  of  corbels  claim 
that:  (1)  They  support  and  unite  abutting  stringers  ,  making 
a  partial  bond  betv/een  them.     (2)  The  strain  in  the  stririgers 
is  materially  decreased  as  the  joint  is  strengthened.  (3) 
While  the  double  span  length  of  stringer  is  the  better  ,  with 
the  use  of  corbels,  stringers  one  span  in  length  may  be  used. 
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and  these  are  cheaper  and  more  readily  ohtained.       (4)  Cor- 
"bels  in  some  cases  furnish  the  only  means  of  securing  suf- 
ficient hearing  area  for  the  stringer. 

Railroad  companies  that  do  not  use  corbels  claim 
that,   (1)  The  cost  of  lahor  and  material  is  increased,  (2) 
The  increased  niomher  of  joints  make  possihle  greater  and 
more  rapid  decay.     (3)  Theydo  not  decrease  the  span.  (4) 
The  "bearing  area  of  the  stringer  is  not  increased,  as  the 
total  load  is  taken  hy  the  end  of  the  corhel. 

On  account  of  this  wide  variation  of  opinion  on 
this  point,  the  writer  intends  to  make  one  design  with  and 
another  without  cortels.      The  use  of  corbels  seems  to  be 
less  wide  at  the  present  time  than  in  the  past.       This  con- 
dition seems  to  be  so  v^ide  spread  that  it  can  hardly  be  as- 
signed to  the  peculiarities  of  a  few  railroad  engineers  , 
but  rather,  it  must  be  supported  by  results  obtained  in  prac- 
tice.     In  the  opinion  of  the  writer  the  only  place  v/here  the 
corbel    could  be  used  to  great  advantage  ,  is  in  the  case  of 
a  fev:  of  the  species  of  stringer  timber,  where  the  length,  of 
end  grip  has  to  be  great.       The  corbel  must  certainly  have 
some  value  in  this  regard,  if  in  no  other. 

POSTS  A2JD  CAPS. 
Especially  in  low  trestles,  there  seems  to  be  a 
v/anton  waste  of  timber  in  the  posts,  caps  and  mud  sills.  The 
common  practice  among  the  railroads  of  to-day  is  to  use  12" 
X  12"  timber  for  these  members.      As  the  structures  grow  in 
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height  these  members  more  nearly  approach  the  values  result- 
ing from  the  use  of  the  formulae  appearing  in  tahle  7  which 
were  developed  "by  the  Forestry  Division  of  the  Department  of 
Agriculture.      The  use  of  12"  x  12"  stuff,  while  wasteful  of 
timber  in  certain  cases  ,  is  warranted  by  a  good  many  practi- 
cal features  which  control  the  situation.      ViTith  reference 
to  the  stamdard  gauge  trestle  ,  a  railroad  company''  is  required 
to  keep  a  large  stock  of  lumber  on  hand,  sudden  calls  for  nev; 
work  not  allowing  time  to  obtain  it.      Lumber  can  be  bought 
by  the  large  corporation  much  more  cheaply  in  large  lots, 
specif iying  standard  sizes,  10"  x  10",  12"  x  12",  2"  x  3" 
plfink ,  from  a  certain  length  up.      When  in  case  of  accident 
or  new  work  has  to  be  completed  within  a  certain  time,  it  is 
much  m.ore  economical  to  order  a  number  of  carload  lots  of 
trestle  stuff  to  the  ground  ,  and  there  pick  out  the  required 
pieces  as  needed ,  dependent  only  on  the  length  of  the  timber 
required.      VvTien  there  is  time  for  the  calculation  of  strength, 
and  to  wait  for  a  special  bill  of  material  to  be  cut  and  de- 
livered, the  use  of  different  sized  posts  in  a  structure  of 
this  kind,  would  be  warranted.      V/hile  it  is  not  true  econo- 
my from  the  standpoint  of  timber  in  this  country  to  use 
large  timbers  for  posts  and  caps  ,  still  it  is  true  practical 
economy  to  the  party  who  is  paying  for  the  work  done. 

In  the  construction  of  the  contractor's  trestle, 
while  the  design  does  not  require  such  rigid  theoretical  con- 
sideration, the  saving  to  the  contractor  would  be  great.  Un- 
like the  railroad  company,  the  contractor  is  not  in  a  position 
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to  "buy  in  as  large  lots,  or  as  cheaply.      Also  the  difference 
in  machinery  employed  on  different  jots,  would  allow  for  a 
change  in  the  design  and  size  of  members  and  a  saving  to  the 
owner.      When  the  locality  forces  the  contractor  to  ship  his 
trestle  timber  from  a  great  distance  a  great  saving  is  ef- 
fected if  the  amount  in  board  feet  is  as  saall  as  possible, 
as  he  is  then  buying  in  small  lots  and  the  price  is  corres- 
pondingly higher. 

As  a  rule,  posts  are  the  part  most  easy  to  obtain 
at  hand  ,  and  have  often  been  made  from  growing  trees  many 
times  the  required  size  ,  as  the  cheapest  method  to  employ. 
There  are  instances  where  old  cross-ties  have  been  used  for 
caps  on  narrow  gauge  trestles  ,  and  have  done  excellent  ser- 
vice.     Trestles  have  been  constructed  entirely  from  poles 
cut  from  the  land  adjoining  the  right-of-way.  Hov/ever, 
when  the  timber  has  to  be  purchased,  theoretical  design  is 
an  advantage  and  should  be  employed  wherever  possible. 

Table  7  gives  the  safe  loads  on  square  columns  of 
Longleaf  Pine  expressed  in  tons  of  2000  pounds  ,  taken  from 
the  results  given  by  the  forestry  Division  of  the  Department 
of  Agriculture.       The  values  in  this  table  v/ill  be  used  in 
the  design  of  both  structures. 

ami  EEITT  AS  A  UlTIT. 
The  varieties  for  the  design  of  bents  are  almost 
innumerable  ,  and  the  personal  equation  of  the  engineer  enters 
into  the  selection  of  the  style  of  bent  for  any  particular 
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purpose.      Four  and  six  post  bents  are  common  in  the  standard 
gauge  type.      ViHiere  the  foundation  is  apt  to  be  faulty  as  in 
the  contractor's  trestle,  a  two  post  or  pile  bent  is  the  best. 
The  cap  and  floor  systerri  is  not  affected  so  much  in  this  case 
by  any  settlement  ,  as  the  two  points  of  support  shift  as  the 
settlement  occurs.       The  use  of  batter  posts  is  to  be  advo- 
cated as  it  is  an  effectual  though  a  simple  means  of  secur~ 
ing  the  trestle  against  lateral  vibration.      The  inclination 
employed  varies  from  1:4  to  1:12. 

The  use  of  mortises  for  joining  the  posts  to  the 
caps  and  sills,  should  be  discouraged.       It  reduces  the  bear- 
ing areas  ,  increases  the  amount  of  v/ork  in  fitting  during 
erection,  provides  a  place  in  the  timber  for  the  accimiulat ion 
of  moisture,  and  is  in  every  respect  an  unsuitable  construc- 
tion,      figures  1  and  2,  page  33,  show  a  method  of  eliminat- 
ing the  use  of  this  joint,  the  resulting  structure  being  both 
stronger    and  cheaper.      No  splices  should  be  allowed  in  any 
part  of  the  bent,  as  its  efficient  performance  depends  upon 
its  rigidity, 

Tlie  cross  bracing  of  bents  will  be,  designed  in  accord- 
ance with  the  specifications  quoted  in  the  preceeding  pages. 
The  same  is  true  of  the  longitudinal  bracing  between  bents. 
Both  of  these  sets  of  members  are  a  function  of  the  locality 
and  the  height  of  the  trestle  and  cannot  be  rigidly  covered 
by  any  specification.      The  material  used  for  bracing  in  the 
contractor's  trestle  must  not  be  brittle,  or  it  may  be  brok- 
en by  the  falling  material.      Poles  are  often  used  when  the 
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locality  permits.      At  Tunnel  Cit\-,  7/iDconsin,     on  the  work 
before  mentioned,  ash  poles  fastened  "by  8"  wire  nails,  were 
used  as  "bracing,  "both  longitudinal  and  lateral.       It  has 
proven  more  economical  to  increase  the  size  of  the  nails 
or  spikes  rather  than  to  trim  the  ends  of  the  poles.  On 
the  trestle  at  Tunnel  City  3"  x  6"  and  3"  x  8"  pine  brac- 
ing was  also  used,  secured  to  the  "bents  by  60d.  wire  nails. 

Side  bracing  was  employed  between  every  third  bent 
or  at  closer  intervals  where  it  seemed  necessary. 

TmS  Airo  RAIL. 

Standard  bridge  ties  are  used  in  the  standard  gauge 
design.      A  tie  5"  x  6"  x  6^   is  recommended  for  use  in  con- 
nection with  the  three  foot  gauge  design,  to  be  spaced  two  to 
three  feet  on  centers  according  to  the  material  dumped. 

The  weight  of  rail  recommended  by  the  American  Lo- 
comotive Company  in  connection  with  their  contractor's  loco- 
motives is  determined  as  follov/s:  "the  maximum  load  that 
light  steel  rails  will  carry,  with  cross-ties  properly  spaced, 
is  250  pounds  on  a  wheel  for  each  pound  weight  of  rail  per 
yard,  for  rails  weighing  less  than  40  pounds  per  yard,  and 
300  pounds,  for  rails  from  40  to  80  pounds  per  yard."  The 
weight  of  rail  for  the  contractor's  narrov/  gauge  trestle 
will  be  designed  according  to  this  specification. 
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RECOm.ffilTDEr  PRACTICE  FOR  VTOODEIT  TRESTLE  BUILDING. 
Prom  Engineering  Hews,  1903,  v.  2. 

Lumber  to  "be  of  White  Pine,  Longleaf  Pine,  Douglas 
Fir,  White  or  Burr  Oak. 

jPiles  to  13  6  of  Cedar,  VAiite  or  Burr  Oak,  Heart  Cy- 
press, Longleaf  Southern  Pine,  Douglas  Fir,  or  V/hite  Pine. 

Span  recommended  14  feet ,  stringers  to  he  of  two 
spans  in  length. 

Foundat.ion . 

Sills  12"  X  12"  drift  of  anchor  bolted. 
Posts  "  battered  2  to  3"  in  12". 

Caps     12"  X  12*  X  14»  .    |"  drift  bolts. 
Brae  inK . 

Sway  and  sash  bracing  3"  x  10". 
-f"  bolts  or  boat  spikes. 

Long  struts  or  girts.       6"  x  10"  notched  3". 
f"  drift  bolts. 

Long  X  Bracing    3"  x  10"     3  lines  to  a  panel. 
Stringers .     3  lines  on  each  side.     8"  x  10"  drift 

bolted . 

Ties .     8"  X  8"  X  10'  sized  on  stringers.      Two  in 
each  panel  bolted  to  stringers,  alternate  spiked  with  -| "  x  12" 
boat  spikes. 

Guard  "Rail*  6"  x  8"  fla.t  side  notched  over  tie  1". 
Bulk  Head  to  be  of  old  timbers  in  good  condition. 


THE      FILLItTG      OF  TRESTLES. 
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Before  the  filling  of  a  trestle  takes  place, two  im- 
portant items  must  receive  careful  considercition:     (1)  the 
area  and  nature  of  the  water.vay  to  be  constructed  under  the 
embankraent ;     (2)  the  ability  of  the  soil  to  uphold  the  em- 
bankment itself.      The  importance  of  the  last  item  increases 
v/ith  the  height  of  the  fill  and  the  nature  of  the  material 
of  7;hich  it  is  to  be  constructed.      Por  these  reasons  the 
bearing  value  of  the  subsoil  must  be  determined,  and  if  set- 
tlement is  certain,  it  must  be  prevented  in  the  moGt  econom- 
ical manner.      The  failure  of  culverts  and  other  waterways 
has  been  effectually  forestalled  by  providing  a  pile  or  con- 
crete foundation  of  sufficient  bearing  area.      It  is  obvious 
tiiat  to  solve  the  problem  raised  by  the  second  item,  no  simi- 
lar method  could  be  employed  on  account  of  the  expense.  For- 
tunately the  instances  v/here  the  subsoil  is  of  insufficient 
strength  to  support  the  fill  are  rare.       The  inajoritjK  of 
cases  of  this  nature  accur  in  swampy  districts  ,  where  the  ac- 
tion of  water  plays  an  important  part  in  the  destruction  of 
the  embankment.       The  dumi^ing  of  material  on  swampy  ground 
often  causes  upheavals  in  adjacent  or  distant  sections  ,  which 
have  a  serious  effect  upon  the  trestle.      A  matress  of  logs 
and  brush  is  often  used  under  these  conditions  as  it  gives 
both  a  good  temparary  and  permanent  footing. 

Embankments  in  filled  trestles  ,  ;vhere  the  material 
is  allowed  to  take  its  natural  slope  ,  usually  may  be  said  to 
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shrink  at  out  10  per  cent  in  height.       The  amount  of  this 
settlement  and  sliding,  depends  on  the  character  of  the  ma- 
terial of  which  the  fill  is  constructed,  and  as  far  as  poss- 
ihle  certain  kinds  of  material  should  be  excluded  from  the 


embankment.      No  material  resulting  from  the  ditching  of  old 
cuts  should  be  used,  as  its  gumbo  na-ture  makes  it  exceeding- 
ly treacherous.      Clay  should  be  excluded  when  possible  as 
sliding  often  occurs  in  clay  fills,  especially  if  the  toe  of 
the  slope  meets  water  of  water-bearing  ground. 

As  far  as  the  writer  has  been  able  to  learn ,  little 
intelligent  stud^'"  has  been  given  to  the  question  of  compara- 
tive economy  of  trestles  and  fills.       Trestle  bridges  on  all 
railroads  are  regarded  as  temporary  structures  to  be  replaced 
later  with  a  permanent  way  of  stone,  steel  or  filling.  Fi- 
nancial conditions  may  cause  a  road  to  trestle  ,  but  present 


practice  tends  to  show  that  the  sooner  the  filling  is  accom- 
plished, the  cheaper  the  item  of  maintenance  "becomes.       Pire  , 
wrecks,  loss  of  speed,  inspection  charges,  the  cost  of  the 
filling  of  water  barrels  and  the  protection  of  piles  against 
toredo  hring  the  maintenance  cost  of  trestles  to  a  high  fig- 
ure.      If  the  financial  condition  of  the  road  does  not  per- 
mit the  perTTianent  work  to  be  done  before  the  timber  trestle 


becomes  unsafe  from  wear  or  rottenness,  it  must  be  replaced 
by  a  new  timber  structure,  as  being  the  cheapest;    yet  it 
never  lo^es  its  temporary  nature.      Eventually  the  road  must 
do  away  with  the  trestles  to  secure  the  most  economical  opera- 
tion.     The  filling  of  trestles  over  ■;7hich  the  road  has  operat 
ed  for  some  time,  is  usually  done  by  the  railroad  company, 
from  an  economic  reason.      Delays,  so  common  in  steam  shovel 


work,  demand  that  the  contractor  "bid  high.  Specifications, 
regarding  this  kind  of  work,  can  never  cover  all  points 
thoroughly,  and  their  evasion  "by  the  contractor  is  rather 
easy.      If  the  work  is  done  "by  contract,  the  cost  to  the  road 
is  high  or  the  profits  of  the  contractor  are  taken  from  the 


work  "by  the  evasion  of  the  strict  interpretation  of  the  speci- 
fications.     When  done  "by  the  company  the  period  during  which 
the  trestle  is  filled  -.vill  usually  be  several  years.  This 
element  of  tijne  is  invaluable  as  the  action  of  the  elements 
tends  to  compact  the  embankment  and  less  settlement  results 
in  the  finished  fill.      The  work  is  finally  completed  at  a 
smaller  cost  to  the  road,  as  work  trains  are  employed  on  the 
work  v/hen  other.vise  they  vvould  be  idle. 
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The  "bulk  of  trestle  filling  is  done  "by  dumping  from 
the  trestle.      The  material  is  carried  in  cars  "built  express- 
ly for  the  purpose  in  most  cases  ,  em'bracing  such  types  as 
center  dump,  tilting  side  dump,  and  gondolas  fitted  with  piv- 
oted side  doors.       In  connection  with  the  1  ist  mentioned  type 
some  form  of  a  plow  unloader  must  "be  operated.       It  has  prov- 
en good  practice  in  the  past  to  put  in  as  much  of  the  "base  as 
possi"ble  \7±th  teams,  the  local  conditions  governing;  namely, 
the  possi"ble  use  of  grading  machines  ,  and  the  economical  dis- 
tance to  borrow  pits.      When  uve  consider  that  the  shrinkage 
of  fills  made  "by  the  use  of  teams  is  practically  zero ,  we  see 
an  added  advantage  in  the  use  of  this  method  of  filling  a 
portion  of  the  base.       The  action  of  the  horses' feet  is  in- 
valuable in  the  compacting  of  the  material.      Many  roads  em- 
ploy teams  to  level  the  material  as  it  is  dumped  from  the 
trestle  above,  the  resulting  fill  being  so  compact  as  to  do 
a;7ay  with  practically  all  sliding. 

In  filling  high  trestles  especially,  it  frequently 
occurs  that  the  structure  settles  as  the  embankment  rises, 
o-.ving  to  the  settling  of  the  original  ground  surface  due  to 
the  pressure  of  the  fill.       In  dumping  material,  a  great  deal 
of  dajnage  is  done  to  the  "bents  and  bracing;     to  the  former 
by  settlement  and  sliding,  and  to  the  latter  by  the  impact 
of  large  falling  masses  of  material.      By  uneven  settlement 
the  bents  are  crowded  over  and  the  track  pulled  out  of  line, 
which  necessitates  the  track  being  closely  watched,  as  traf- 
fic cannot  be  interrupted.      Vertical  timbers  and  plumb  posts 
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are  the  only  ones  not  affected  "by  the  filling  process.  Bat- 
ter posts  seem  to  he  injured  in  proportion  to  their  inclina- 
tion.      The  "breakage  of  horizontal  memhers  is  unavoidable 
and  girt  timbers  suffer  most  from  the  falling  material,  as 


they  are  supported  only  at  the  ends. 

Many  roads  put  additional  bracing  in  place  before 
the  fillincT  process  bei^ins.      In  order  to  prevent  the  bat- 
ter posts  and  piles  from  being  knocked  out  of  line  ,  struts 
of  old  timber  are  fas-tened  to  these  members  just  below  the 
caps.      If  the  trestle  is  of  more  than  one  deck,  this  addi- 
tional bracing  is  placed  between  the  caps.      V^Tien  batter 
posts  fall  away  from  the  cap,  all  the  weight  has  to  be  taken 
by  the  plumb  posts.      To  secure  the  trestle  against  failure 
from  this  cause,  supplementary  bracing  is  sometimes  necessary. 


The  shovino-  action  of  the  toe  of  the  slope  on  the 
trestle  "bents  is  responsible  for  most  of  the  troubles  of 
alignment  during  filling,  amd  it  may  be  partially  eliminated 
by  careful  methods  of  placing  the  material. 

On  high  trestles  where  the  action  of  the  falling 
material  is  most  severe  ,  an  apron  is  used  to  deflect  the 
earth  as  far  from  the  structure  as  possible.      The  apron 
slopes  outward  from  the  top  of  the  trestle  and  deflects  the 
material  far  enough  to  clear  the  bents  and  bracing.      It  al- 
so places  the  earth  more  evenly  as  its  inclination  from  the 
horizontal  may  be  regulated  ,  and  lessens  the  amount  of  money 
to  be  expended  on  leveling  the  material  after  it  is  dumped. 
By  placing  the  ea±th  farther  tov/ard  the  toe  of  the  slope, 
its  use  lessens  the  possibility  of  earth  slides.      An  apron  is 
seldom  used  unless  the  trestle  is  over  fifty  feet  in  height. 

In  order  to  prevent  earth  slides,  which  are  so  de- 
structive to  t?-ie  trestle,  trenches  are  often  cut  just  inside 
the  slope  stakes  parallel  to  the  center  line  of  the  track. 
Another  manner  of  attaining  the  same  end  on  sloping  ground 
is  to  bench  the  surface  and  clear  it  of  grass  and  weeds  to 
make  the  whole  as  homogeneous  as  possible.      V/etting  down  the 
fill  has  proven  an  effectual  means  of  preventing  slipping  in 
any  direction  and  also  in  securing  the  fill  against  settlement 
This  is  especially  true  if  the  material  is  very  dry,  or  there 
is  a  great  variation  in  the  size  of  the  particles  of  the  ma- 
terial. 

As  the  fill  rises  all  bracing  should  be  cut  off  as 
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soon  as  possible  vvithcut  affecting  seriously  the  strength  of 
the  structure.      This  is  done  in  order  that  the  finished  fill 
will  "be  an  homogeneous  unit.      Unless  they  are  removed  just 
"before  the  earth  reaches  them,  they  add  surface  on  which  the 
thrust  of  the  earth  may  "be  applied,  and  the  trestle  is  further 
distorted . 

A  high  trestle  should  "be  filled  uniformly  from  end 
to  end  ,  to  olDviate  the  c^iance  for  longitudinal  strain  on  the 
structure.      This  practice  necessitates  the  entire  train  "be- 
ing run  out  on  the  trestle.      "V/hen  low  fills  are  heing  made 
one  car  is  dumped  at  a  time.      This  may  "be  done  without  fear 
of  excessive  thrust  of  the  earth,  as  the  height  is  less  and 
the  component  parallel  to  the  trestle  correspondingly  small. 
This  is  "borne  out  hy  the  fact  that  extra  "bracing  is  seldom 
emi^loyed  on  treslles  not  exceeding  thirty-five  feet  in  height. 

V/hen  the  fill  res.ches  the  "bottom  of  the  rail  it  is 
allowed  to  remain  v/ithout  further  attention  as  long  as  any 
settlement  appears  if  time  conditions  permit.      When  the  em- 
"bankment  has  reached  a  sta"ble  condition,  the  "ballast  is  laid 
and  the  roadbed  completed.       The  floor  system  of  the  trestle 
is  removed  and  some  roais  also  take  the  caps.       If  the  caps 
are  to  "be  taken  out  a  space  is  left  in  the  filling  to  allow 
for  their  removal.      The  cost  of  pulling  trestle  floor  per 
lineal  foot  varies  inversely  with  the  length  to  "be  removed. 
The  Korthern  Pacific  uses  a  derrick  car  for  this  purpose  and 
removes  the  trestle  floor  system  from  fills  at  twelve  cents 
per  foot.      To  secure  the  "best  results  all  the  floor  system 
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should  "be  removed  including  the  caps.      Much  troulDle  has  "been 
experienced  in  new  fills  "by  the  rotting  of  caps  as  their  fail- 
ure allows  the  roadhed  to  sink  in  spots  and  to  "become  uneven. 
V/hen  the  track  is  thrown  out  of  line  during  the  filling  pro- 
cess the  spikes  are  dravm  and  rails  set  over.       This  has  to 
te  repeated  often  in  new  work  and  close  inspection  is  made 
necessary. 

A  striking  example  of  trestle  filling  is  seen  on  the 
Nashville,  Cliattanooga  &  St.  Louis  Railway,  which  is  remarkable 
for  its  cheapness.      The  major  portion  of  the  material  was 
dumped  from  the  trestle  from  flat  cars  "by  means  of  a  Lidger- 
wood  unloader.      A  small  part  was  made  ty  the  team  and  scrap- 
er method,  the  material  being  dumped  from  the  slope  stakes 
inward  toward  the  center  line  of  the  fill.      The  height  of 
fill  averaged  forty-eight  feet.      At  the  grade  line  the  cen- 
ter and  the  edges  were  left  a  little  higher  than  the  pxdjacent 
parts  ,  thus  keeping  the  rain  water  from  running  dov/n  the 
slope  and  obtaining  the  compacting , act ion  of  the  water.  The 
dirt  was  loaded  by  steam  shovel  and  placed  at  a  cost  of  slight- 
ly over  ten  cents  per  cubic  yard,  of  which  two  and  eight- 
tenths  was  expended  in  levelling  off  under  the  trestle  by 
teams.      The  ties  and  stringers  were  removed,  the  remaining 
parts  causing  no  trouble  in  the  fill,      Bermuda  grass  was 
planted  on  the  slopes  in  rov/s  two  feet  apart  ,  as  the  territory 
was  subjected  to  a  large  amount  of  rainfall,  the  grass  pre- 
venting washing  of  the  slopes. 

Another  interesting  method  of  trestle  filling  was 
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used  on  the  northern  Pacific  Railroad,  two  trestles  being 
employed.  A  shorter  trestle  was  built  ,  paralleling  the 
original  one  ,  to  carry  a  partable  apron.  As  the  material 
fell  from  the  higher  trestle  ,  it  was  deflected  by  striking 
the  apron,  and  by  the  combined  movement  of  the  two  trains, 
one  carrying  the  apron  and  one  the  material ,  the  earth  was 
evenly  distributed. 


McArthur  Brothers  ,  contractors ,  used  a  novel  method 
in  the  construction  of  the  Dale  Creek  Pill  on  the  Union  Pa- 
cific Railroad.      A  portion  of  the  fill  was  unusually  deep 
and  short  and  from  an  economic  reason  cables  were  used  to  sup- 
port the  track  instead  of  the  customary  trestle.  Sketches 
on  page  48  show  the  elevation  of  the  entire  structure,  and 
a  cross  section  and  side  elevation  of  the  floor  system.  The 
material  handled  was  rock  and  it  was  placed  by  the  use  of 
diamping  cars.      Pive  thousand  yards  were  moved  every  tv/enty- 
four  hours. 
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A  suspended  dumping  bridge,  designed  and  construct- 
ed "by  the  ITevv  York  Cableway  and  Engineering  Company  is  "being 
used  in  connection  with  the  work  on  Hopatcong-Slatef ord  low- 
grade  cut-off  on  the  Delaware,  Lackav/anna  Sc  V/estern  Railroad. 
A  good  idea  of  this  structure  is  given  "by  the  photograph  on 
page  47.       The  dump  cars  are  "backed  one  by  one  to  the  end  of 
the  embankment  already  yp  to  grade  ,  and  then  dumrjed.  As 
fast  as  the  embankrtient  is  brought  up  to  grade  the  suspended 
track  is  moved  forward,  an  occasional  movement  of  the  towers 
being  necessary. 

Many  trestles  in  the  mountainous  districts  have  been 
filled  by  hydraulic  methods.      The  most  striking  examples  of 
this  practice  are  seen  in  the  Northern Pac if ic  Railroad,  v/here 
material  was  placed  in  some  instances  at  a  figure  of  five 
cents  per  cubic  yard. 


DESIGlIOr 
CONTRACTOR'S  TRESTLE. 
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The  trestle  under  consideration  is  designed  to  car- 
ry track  of  three  foot  gauge,  to  accomodate  contractor's  en- 
gine and  dump  cars.      The  writer  has  chosen  this  as  an  aver- 
age representative  type  of  trestle  in  use  in  the  construction 
of  present  day  fills  and  also  on  account  of  the  fact,  that, 
as  the  gauge  of  track  used  hecornes  greater,  the  trestles  more 
nearly  approximate  those  of  standard  gauge  in  design.  Thus 
the  writer  feels  that  the  principles  used  in  the  design  of 
the  standard  trestle  in  the  next  cliapter ,  together  with  those 
used  in  this  design,  are  a  sufficient  guide  for  the  design  of 
any  intermediate  v/idth  of  track. 

The  loading  is  considered  to  he  produced  "by  an  en- 
gine of  the  ?our  Wheel  Connected  Saddle  Tank  type  ,  manufactured 
hy  the  Tavenport  Locomotive  V/orks  ,  davenport,  Iowa.  The 
weight,  length  of  wheelbase  ,  and  all  other  features  necessary 
to  design,  together  vxith  an  illustration,  appear  on  the  follow- 
ing page.       The  engine  under  consideration  was  used  on  the 
Y/ork  mentioned  under  "footings"  in  Wisconsin  and  Iowa. 

The  filling  material  will  he  carried  hy  eight  yard 
dump  cars  of  the  side-dumping  type  ,  manufactured  "by  the  Western 
V.lieeler  Scraper  Company,  of  Aurora,  Illinois.  This  car  has 
"been  chosen  as  it  is  the  heaviest  car  of  its  type  and  capacity. 
The  weight,  length  of  wheel  "base,  and  all  djther  features  neces- 
sary to  design,  together  ^vith  an  illustration,  appear  on  a  fol- 
lowing page . 
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DESIGIT  OF  TIE. 

The  total  weight  of  the  en^iine  in  -.vorkinc  order  is 
given  hy  the  inanuf acturers  as  40,000  pounds.       As  this  load 
is  carried  hy  four  driving  wheels,  the  load  per  wheel  is  10,- 
000  pounds.       In  order  to  allow  the  material  to  drop  freely 
"between  tlie  ties,  the:>'  will  he  placed  15  inches  on  centers. 
Under  these  conditions  the  full  load  of  one  wheel  will  he  con 
sidered  as.heing  eveniy  distributed  over  two  ties,  and  the 
cross-section  designed  accordir:;2;ly . 


To  allow  for  the  extreme  condition  in  the  placing 
of  stringers  an  eccentricity  of  six  inches  will  here  "be  as- 
sumed.     Considering  the  impact  to  he  100/^  the  load  per  tie 
is    2  X  lOCOO,        10,000  pounds,  and  the  maximum  tending 'mo- 
ment  produced  is  equal  to  6  x  10,000,  or  60,000  pounds-inches. 

The  formula  commonly  used  in  the  design  of  such  mem- 
hers  is  M  =  ^ '  in  which  I  =  and  C  =  d/2.       Therefore  l/c 
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Assuming  a  longleaf  pine  tie,  the  allowable  stress, 
considering  impact  ,  is  2000  pounds  per  square  inch.  Taking 
the  tie  as  one  of  4"  x  6"  in  cross-section,  and  su^bstitut ing 
in  the  formula  ahove ,  we  have, 

S  =  ^  ^  x'^se'^'^  ~  square  inch,  stress 

in  extreme  fiber.      As  this  value,  1667  pounds  per  square 
inch  comes  well  within  the  limit  of  the  2000  i^ounds  allowed, 
this  tie  v/ill  "be  used.      Trom  the  values  in  talole  1,  a  v-'hite 
oak  tie  could  also  be  employed. 

For  purposes  of  design,  the  car  i;7ill  he  considered 
as  loaded  with  trap  rock  less  than        in  diameter,  in  order 
to  produce  the  greatest  possible  weight.      An  overload  of  one- 
third  of  the  capacity  of  the  car  will  be  added  to  insure  a 
maximum  condition  of  loading.       The  v/eight  of  the  material, 
2648  pounds  per  cubic  yard,  as  given  by  Baker,  is  high  to  be 
used  in  this  connection,  as  the  percentage  of  voids  will  be 
much  larger  in  the  material,  when  loaded  by  steam  shovel. 
The  material  here  used  v/ill  be  taken  as  one  ton  per  cubic  yard. 

The  entire  weight  of  loaded  car  is  1  l/'6  x  8  x  2000, 
or  22,000  pounds   (for  the  material)  plus  18,000  pounds,  the 
weight  of  the  car,  or  40,000  pounds.      The  weight  per  wheel  is 
40,000/8,  or  5,000  pounds. 

"I^ollov/ing  the  same  method  and  considering  as  l^efore, 

that  one  wheel  load  is  taken  by  two  ties , 

S=  o      ^.  ^^5000^        1250  pounds  per  square  inch  ex- 
4  X  36 
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treme  filDer  stress.      As  Toefore  the  4"  x  6"  tie  inay  "be  used. 

Both  ties  '.vill  "he  made  six  feet  long,  and  of  long- 
leaf  pine. 

DESIGIT  or  STEIITGEKS. 

Longleaf  Pine  timber  will  "be  used  for  stringers 
which  will  "be  made  sixteen  inches  high.      A  s  determined  "by 
Mr.  A,  L.  Johnson,  C.  E. ,  in  his  investigations  for  the  Di- 
vision of  Forestry  of  the  Department  of  AgriouJ  ture  ,  the 
economical  height  of  stringer  is  approximately'"  fifteen  inches. 
The  writer  has  chosen  the  value  of  sixteen  inches  as  it  is 
close  to  this  economical  value  ,  and  as  the  strength  of  the 
stringer  varies  with  the  square  of  the  height ,  an  additional 
amount  of  strength  is  gained  through  the  addition  of  one  inch 
to  this  dimension. 

A.  span  of  fourteen  feet  has  heen  selected  "by  the 
writer  in  accordance  v/ith  present  practice. 

The  formulas  for  "bending,  b  =  "g^'  "been  ex- 

plained in  the  preceeding  pages,  and  will  "be  used  here.  The 
allowable  safe  v^orking  unit  stress  is  1200  pounds  per  square 
inch  in  the  extreme  fiber,  as  given  in  table  1,  and  has  a  fac- 
tor of  safety'-  of  six.       Impact  is  to  be  considered  as  100/^, 
and  as  in  the  case  of  the  tie,  the  allowable  safe  working  unit 
stress  will  be  increased  to  P.OOO  pounds  per  square  inch,  giv- 
ing a  factor  of  safety  of  3.6  under  the  moving  engine  load 
and  of  6  under  the  static  load. 

Sketches  on  page  56  shov/  the  position  of  v/heel  loads 


Fbj>/^/or7    of     yyheel  Loads. 


/fj  -l(6.Z5 1  J.  25) /O,  OOOj  ^/^  ^  6230 //>Jf. 
/y=  8Z30  X  s.ys  =  i-Z20o/A/'f. 
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producing  the  maximum  "bending  moment.       The  position  of  the 
wheel  3oads  for  this  condition  was  determined  from  the  formula 
z  =  -  p/4,  where  €  is  the  length  of  span,  p  is  the  distanc 

"between  the  loads  and  z  is  distance  from  the  left  support  to 
one  of  the  loads.      Accompanying  each  sketch  the  maximum  bend- 
ing irom.ent  is  given  in  pound-feet.       To  obtain  the  value  of 
the  maximum  bending  moment  ,  the  left  reaction  is  found  from 

=  P(^-p-z)  +  P(^-2)  and  the  bending  moment  is  then  equal 
to  Hiz. 

Substituting  in  the  formula,  v/ith  R  =  2000,  h  =  16  , 

and  LI=  47,200,  we  have, 

V     6  X  47  ,200  x  12  x  2  n         •     ^  a-,  n  • 

2  X  2,000  X  16  T^6^  or  6.65  inches.  Allov/ing 

l/4"  for  weathering  on  each  side,  two  stringers  per  rail 
7"  X  16"  X  14'  are  required.      The  end  grip  required  by  each 
stringer  to  develop  its  full  strength  under  the  moving  loads 
is  1.3  X  7.3  or  8.75  inches. 

Sketches  on  page  58  show  the  position  of  wheel  loads 
for  maximum  reactions  per  rail  under  the  different  loadings, 
together  with  the  value  of  that  reaction.      From  table  1  the 
allowable  bearing  value  of  longleaf  pine  across  grain  is  350 
pounds  per  square  inch.      The  value  of  the  reaction  being 
16,800  pounds,  the  required  bearing  area  per  rail  is  16800/350 
or  48  square  inches,  which  requires  a  length  of  bearing  area 
on  the  cap  of  48/7  x  2  or  3.5  inches. 

As  stated  in  the  chapter  on  the  general  considera- 
tions governing  design,  it  is  the  object  of  the  writer  to  com- 
pare the  members  required  by  th.e  different  loadings.      We  have 
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just  considered  the  engine  loading  and  now  it  is  the  purpose 
of  the  v/riter  to  investigate  and  compare  the  stresses  produced 
"by  the  loaded  car,  with  the  above  values. 

The  "bending  moment  taken  from  page  26  is  equal  to 

25,700  pound  feet.      Proceeding  as  above, 

V      6  X  25  .700  X  12  x  2  «         •  /^        ^  • 

D  =  — 7=r^7Tr:A  T  g  ^      — >  or  7.35  inches.      One  string- 

2,000  X  16  X  16  ^ 

er  8"  X  16"  x  14'  per  rai.l  v/ill  "be  used.      The  necessary  end 
grip  is,  as  above,  8-|  inches.       The  length  of  bearing  area 
required  is  equal  to  9,000/350  x  8 ,  or  3^".      When  we  consider 
the  impact  produced  by  the  dumping  of  the  material  from  the 
cars  to  be  50/b  the  following  stringer  is  needed: 

-i,  ^  ±^^.100  xlA^^.X'J'.,  or  5.41  inches. 
2,000  X  16  X  16 

The  value  is  much  less  than  in  the  case  of  the  moving  load, 
it  being  possible  to  use  a  six  inch  stringer.      As  cars  are 
never  dumped  while  under  motion,  the  writer  thinks  it  safe  to 
neglect  the  impact  of  100  per  cent  due  to  the  moving  loads 
here.      However  v/e  find  that  the  previous  design  governs.  If 
the  engine  is  to  be  run  cut  onto  the  trestle,  tv/o  stringers 
per  rail  7"  x  16"  x  14'  are  required.      If  the  cars  only  are 
to  come  upon  the  structure,  one  stringer  per  rail,  8"  x  16"  x 
14'   is  sufficient.      The  length  of  end  grip  will  be  considered 
under  the  design  of  the  caps. 

DKSIGF  or  POSTS. 
The  writer  will  use  a  tv/o  post  bent  for  this  trestle, 
both  when  frame  and  pile  bents  are  considered,  for  the  reason 
that  settlement  in  the  footings  will  not  so  greatly  endanger 
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the  structure.      V.Tien  settlement  occurs  in  one  footing,  it 
will  "be  shoY/n  "by  a  slight  tilting  of  the  trestle  floor.  If 
more  than  two  posts  are  used,  usually  no  warning  of  settle- 
ment is  given,  until  the  cap  "breaks,  often  v/ith  disastrous 
results . 

A  post  with  a  "batter  of  2"  in  1'  may  will  Tdc  consid- 
ered as  vertical,  and  will  be  taken  in  that  manner  in  this 
design.      The  load  under  which  the  posts  act  is  equal  to  the 
sum  of  the  live-load  and  the  dead  weight  of  the  floor  system. 
The  dead  load  will  here  "be  taken  as  300  pounds  per  lineal  foot 
of  trestle,  per  rail.       Two  posts  "being  used  the  load  per  post 
will  "be  16,800  plus  300  x  14,  or  21,000  pounds,  or  10,5  tons. 

Although  much  higher  "bents  are  employed,  from  the 
results  of  practical  experience  it  seems  that  one  14'  high  is 
the  average  used.      Thus  the  length  of  posts  will  "be  a  little 
over  eleven  feet.      From  ta"ble  %  a  6"  x  6"  longleaf  pine  post, 
capa"ble  of  carrying  a  load  of  10.6  tons  is  sufficient  in  cross- 
section.      If  piles  are  to  be  used  in  the  construction  of  the 
bent,  ta"ble  4  must  be  employed.      Prom  it  we  see  that  a  pile 
of  most  any  species  ,  8"  in  diameter  at  the  small  end  can  be 
used . 

As  the  loads  to  which  the  posts  will  be  subjected 
in  the  design  based  on  the  reaction  produced  by  the  loaded 
cars  ,  are  smaller  tlian  those  above  ,  a  smaller  post  might  be 
employed.      The  writer  believes  that  a  6"  x  6"  post  in  the 
minimum  size  that  should  be  allowed  in  a  trestle  of  this  type 
and  will  be  used  if  the  cars  only  are  allowed  on  the  trestle. 
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The  bearing  value  of  the  posts  on  the  caps  and  sills 
may  govern  their  cross-section,  so  tliat  the  posts  will  again 
be  considered  in  connection  V7ith  the  caps. 

CAP. 

VThite  oak  timber  will  be  used  for  the  cap,  rrom 
table  1  its  bearing  value  is  found  to  be  500  pounds  per  square 
inch  across  the  grain.       The  required  bearing  area  is  21,000/500 
or  42  square  inches.       The  posts  as  designed  in  the  previous 
pages  6"  X  6"  give  only  36  square  inches  of  bearing  area. 
Since  this  is  not  sufficient,  the  posts  will  be  made  7"  x  7" 
giving  49  square  inches  which  v^ill  be  sufficient. 

The  end  grip  of  stringers  required  was  8.75  inches 
which  cannot  be  produced  on  a  seven  inch  cap,  especially  if 
the  ends  of  the  stringers  butt  together.      To  secure  sufficient 
end  grip,  the  stringers  will  be  allowed  to  lap  at  each  cap,  and 
a  -f"  drift  bolt  will  be  run  through  them  to  cause  them  to  act 
as  far  as  possible  as  a  continuous  beam. 

SILLS. 

Sills  are  used  when  frame  bents  are  employed,  and 
will  be  the  same  in  cross-section  as  the  cap.      Both  cap  and 
sill  will  be  of  white  oak,  and  the  connections  in  both  members 
vrith  the  posts  v/ill  be  made  by  the  use  of        x  8"  iron  dowel 
pins.      As  the  7"  x  7"  cap  gave  a  bearing  area  seven  square 
inches  in  excess  of  that  required,  the  -f-"  hole  for  the  dowel 
pin  will  be  allowable  as  far  as  the  bearing  area  is  concerned. 
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So  small  a  difference  results  in  the  size  of  "both 
cap  and  sill  when  designed  under  the  loaded  cars,  that  the 
same  memlDers  wim  he  used  in  both  designs.      Both  cap  and  sill 
will  be  7"  X  7"  in  cross-section  and  nine  and  twelve  feet  long, 
respectively. 


•FOOTINGS. 

As  the  area  required  in  the  footings  depends  upon  the 
character  of  the  soil  upon  v/hich  the  structure  is  built,  we 
will  assume  for  the  purpose  of  discussion,  that  the  footings  are 
to  be  designed  to  uphold  the  structure  on  hard  clay  in  thick 
beds.      From  table  5  we  find  that  the  minimum  pressure  allowed 
on  such  a  soil  is  four  tons  per  square  foot. 

If  the  sill  is  to  form  the  footing,  it  must  be  in- 
vestigated to  find  whether  or  not  it  affords  sufficient  area. 
The  bearing  area  om  a  sill  7"  x  7"  x  12'   is  equal  to 

'j"^  7^       I  or  7  square  feet.      This  area  is  capable  of  up- 
144 

holding  7  X  4  or  28.00  tons,  which  is  greatly  in  excess  of  the 

21  tons  demanded  by  the  structure  under  consideration. 

It  will  prove  cheaper  to  employ  a  footing  of  the 

type  sl:;.ovm  on  page  24  ,  figures  1  and  2.       In  this  case  the 

load  per  footing  is  10.5  tons,  requiring  a  bearing  area  of 

10.5/4  or  2,7  square  feet.      As  this  area  is  easily  produced 

by  the  footing  shov/n  in  figure  1  referred  to  above  ,  such  a 

footing  will  be  used.       The  bearing  area  then  is  ^  ^^L-RP 

144 

or  3.4  square  feet,  giving  a  factor  of  safety  of  1.27, 

As  this  is  a  minimum  size  for  a  footing  for  this 
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type  of  structure,  it  will  Ise  used  in  the  design  under  the 
loaded  cars. 

CROSS  BRACING. 
The  length  of  the  members  in  the  cross  bracing  sys- 
tem varies  greatly  with  the  height  of  the  trestle  and  the 
nature  of  the  bent  which  the  braces  are  designed  to  strengthen. 
In  the  construction  of  the  contractor's  trestle  it  is  cheaper 
to  buy  stock  lengths  of  timber  and  place  them  accordingly. 
The  sketches  on  this  page  give  an  idea  of  this  practice,  on  a 
two  pile  bent  trestle  of  varying  heights.      When  it  is  neces- 
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sary  to  use  two  decks  ,  the  shorter  of  the  tv/o  is  placed  at 
the  top. 

The  cross  "bracing  is  designed  to  take  up  the  strains 
caused  "by  wind.      As  quoted  in  the  chapter  on  General  Consid- 
erations Governing  Design,  this  force  is  equal  to  50  pounds 
per  square  foot  on  one  and  one-half  times  the  vertical  projec- 
tion of  the  trestle  plus  30  pounds  per  square  foot  on  the  same 
surface,  plus  400  pounds  per  lineal  foot  of  trestle,  applied 
7  feet  aVove  the  top  of  the  rail.      The  total  force,  evaluated 


from  the  above,  is  shovm  in  the  sketch,  together  with  the  re- 
sultant and  its  point  of  application. 

If  the  bracing  v/as  placed  at  45  degrees  to  the  hori- 
zontal, the  total  cross-sectional  area  required  in  the  "bracing 

Q-ZKQ    y-     T  414 

would  "be  j^^qq'       ,  or  13  square  inches.      This  required 

area  is  calculated  on  the  assumption  that  one  diagonal  only 
acts  at  a  time,  while  in  fact,  both  act  at  the  same  time.  How 
the  strain  is  divided  is  not  determinate.      Considering  that 
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(1)  the  "bracing  io  fastened  at  its  center;     (2)  "both  memlDers 
act  at  the  same  time;     (3)  the  strain  is  in  part  resisted  by 
the  value  of  the  stability  of  the  structure  against  overturn- 
ing;    (4)  the  angle  between  the  line  of  action  of  the  force 
and  the  center  line  of  the  member  is  less  than  45  degrees; 
2"  X  6"  longleaf  pine  bracing  will  be  sufficient.      As  the 
vertical  projection  of  the  trestle  varies  slightly  in  the  case 
of  the  car  load  design,  the  same  cross  bracing  will  be  used. 

LOTTGITTOIITAL  BRACING. 
According  to  the  specifications  ,  the  longitudinal 
bracing  will  be  designed  for  twenty  per  cent  of  the  train  load 
applied  at  the  top  of  rail.      !For  the  contractor's  trestle 
this  value  is  0.2  x  40,000,  or  8,000  pounds.      This  force  re- 
sults in  a  direct  compression  or  tension  on  the  member  placed 
as  in  the  sketch,  the  necessary  cross-sectional  area  being 

or  8  square  inches.      As  this  stress  is  to  be  taken  up 
by  two  members  one  on  each  side  of  the  trestle,  each  member 
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will  "be  made  of  2"  x  6"  longleaf  pine,  and  are  shown  in  the 
sketch  at  A.      Each  brace  will  then  have  a  cross-sectional 
area  of  12  square  inches,  developing  a  factor  of  safety  of  15. 
This  excessive  factor  of  safety  is  considered  necessary  to 
allow  for:     (1)  the  great  length  of  the  memhers ;     (2)  the  in- 
equality of  the  strains  produced;     (3)  the  poor  connections 
which  are  unavoidable  "because  of  the  position  of  the  member 
in  the  trestle;     (4)  the  liability  of  failure,  due  to  the  im- 
pact of  falling  material. 

While  the  trestle  is  being  filled  additional  bracing 
may  be  necessary,  to  take  up  the  shoving  action  of  the  earth 
slope.      Por  this  purpose,  longitudinal  bracing  as  at  B  in  the 
sketch,  will  be  used  in  every  third  panel,  or  more  often  if 
demanded.      The  stresses  developed  in  such  members  is  inde- 
terminate ,  and  4"  x  4"  longleaf  pine  timber  will  be  used. 

The  same  members  will  be  used  in  the  design  under  the 
loaded  cars. 

C01ICLUSTO]^T. 

From  the  preceeding  computations,  we  find  that  the 
only  practical  difference  in  the  designs  under  the  different 
loadings,  is  found  in  the  stringers.      If  it  is  safe  to  assume 
that  under  no  condition  the  engine  will  be  run  out  on  the 
trestle,  one  8"  x  16"  stringer  per  rail  v/ill  be  sufficient. 
This  stringer  may  well  be  used  on  a  low  trestle,  one  not  ex- 
ceeding thirty  feet.      In  the  opinion  of  the  writer,  twenty 
feet  should  be  the  limit  in  height  of  trestles  designed  under 
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the  car  loading.      We  have  found  that  the  impact  due  to  the 
dumping  of  material  from  the  cars  could  be  considered  100  per 
cent  "before  such  a  loading  would  govern  the  design.      .The  de- 
sign under  the  moving  car  loads  with  impact  considered  as  100 
per  cent ,  makes  the  structure  safe  with  reference  to  failure 
during  the  time  that  the  cars  are  dumped.      This  is  true  from 
the  fact  that  the  impact  due  to  dumping  may  be  taken  as  100 
per  cent,  which  value  seems,  to  the  writer,  exceedingly  high. 

Elevations  and  sections  of  each  trestle  are  shown 
on  the  following  pages.      As  the  two  trestles  differ  only  in 
the  size  and  niimber  of  stringers,  a  section  through  the  floor 
system  will  be  sufficient  to  sliov/  these  points. 
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STANDARD      GAUGE  TRESTLE 
COOPER'S      E       50  LOADING. 
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LOADIi^G  FOR  THE  DESIGN  OF  A  STAl^DAKD  GAUGE  TRESTLE. 

Roads  which  are  required  to  trestle  at  the  present 
time  are  situated  in  mountainous  territory.  Consequently 
the  rolling  stock  will  be  of  heavy  type.      On  account  of  this 
condition,  the  writer  has  chosen  to  design  the  standard  gauge 
trestle  under  Cooper's  E  50  loading. 

DESIGN  OP  TIE. 
Considering  the  fact  that  three  or  four  stringers, 
spaced  one  inch  apart,  will  he  required  to  carry  the  load, 
little  moment  will  be  set  up  in  the  ties.      V/ithout  going 
through  the  design  of  the  tie  as  in  the  narrow  gauge  trestle, 
it  will  be  correct  to  assume  a  standard  bridge  tie,  7"  x  9" 
X  9*  or  Longleaf  Pine  or  White  Oak. 

DESIGN  0¥  STRINGERS. 

By  applying  the  bending  moment  formula  used  in  the 
previous  chapter,  and  assuming  a  stringer  18"  high  of  Long- 
leaf  Pine,  we  have       b  =  "  w%  >  or  7.65  inches. 

'  2 ,000  X  18  X  18  X  4  ' 

Four  stringers,  8"  x  18"  x  14'  are  required.      From  table  6 
v/Q  find  the  required  end  grip  to  be  9.3  x  1.4,  or  12".  The 
required  length  of  bearing  area  is  14,300/350  x4x8,or6.0 
inches . 
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POSTS. 

The  writer  proposes  to  adopt  a  "bent  containing  four 
vertical  posts  with  suitable  "bracing,  as  shown  in  the  sketch. 


The  maximum  end  reaction  from  page        is  2  x  64,300,  or  128,600 

pounds  and  the  dead  load  per  "bent  is  14  x  600  ,  or  8400  pounds  , 

making  a  total  load  per  post  of  or  17.3  tons. 

^  "  4  x  2 ,000  * 

From  the  values  in  tahle  7  v/'e  are  able  to  use  a  longleaf  pine 
post  8"  X  8"  in  cross-section,  with  an  additional  factor  of 
safety  above  that  of  the  table  of  1.3. 

The  bearing  area  required  betv/een  the  post  and  the 
cap  is  137,000/4  X  500,  or  69  square  inches.      As   this  amount 
of  area  cannot  be  produced  by  the  8"  x  8"  post,  9"  x  9"  posts 
will  have  to  be  used.      The  cap  will  then  be  made  9"  x  9"  to 
conform  to  the  posts.      The  cap  will  be  made  10  feet  long. 

The  sills  will  be  9"  x  9"  in  cross-section  and  will 
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te  14  feet  in  length.       The  "bearing  area  thus  produced  is 
^  ^  1^  "^"^  '  or  7.9  square  feet.      As  the  sill  does  not  afford 
sufficient  tearing  area,  a  dry  wall  will  have  to  be  placed 
beneath  the  sill  in  order  to  make  up  the  9  square  feet  needed* 
If  the  "bent  is  to  he  made  up  of  piles  or  the  sill  is  given  a 
pile  foundation,  four  piles  v/ill  he  sufficient,  as  the  average 
hearing  pov/er  of  one  pile,  as  given  hy  Kidder  is  11.5  tons 
when  driven  vith  a  one  ton  hammer  falling  twenty  feet ,  the 
average  penetration  heing  t;.'o  inches.      Two  inches  penetra- 
tion would  he  large  for  clay  in  thickheds,  so  that  the  hear- 
ing pov;er  of  an  average  pile  would  here  he  infinitely  greater. 

CROSS  BR/sCIFG. 
The  force  to  he  resisted  hy  the  cross  bracing  in 
this  case  is  12,000  pounds,  applied  at  the  top  of  rail.  In 
the  narrow  gauge  trestle  2"  x  6"  were  used.       To  secure  great- 
er rigidity,  necessitated  by  the  fact  that  trains  will  be  run 
over  the  trestle  at  high  speeds  before  the  filling  process 
begins,  4"  x  8"  longleaf  pine  (see  sketch  under  "Posts")  will 
be  used.      A  bolt  will  connect  the  cross  brace  at  each  post. 

LOITG ITTOIlv' AL  ERAC IFG . 
The  stress  taken  by  the  longitudinal  bracing,  mem- 
bers A  and  B  in  the  sketch,  is  according  to  the  specifications, 
0.2  X  60,000  or  12,000  pounds  per  rail.      As  shown,  alternate 
panels  will  be  braced,  the  bracing  being  placed  under  each 
set  of  stringers.       Thus  each  member  v/ill  be  designed  for  the 


73 


total  stress  per  rail  as  it  is  impossilole  to  determine  just 
how  the  ir.em'bers  will  act.      Assuming  an  angle  of  inclination 
of  45  degrees  the  compressive  stress  in  the  member  A  will  "be 
1.414  X  12,000  or  16,800  pounds,  requiring  a  cross-sect icnal 
area  of  16  ,800/l  ,000  or  16.8  square  inches.      As  the  length 
of  the  memher  is  excessive  the  member  will  "be  made  6"  x  6" 
in  cross-section,  giving  a  factor  of  safety  of  nearly  11. 

GUARTj  TIIIBERS. 
Guard  timbers  will  be  made  6"  x  8"  and  will  lap  at 
joints  6".       They  v/ill  be  so  placed  as  to  break  joints  with 
the  stringers,  and  the  joints  will  be  staggered  on  either  side 
of  the  track.       Guard  rail  v/ill  be  used  with  a  gauge  of  4*  6^", 
Any  old  rail  which  the  company  has  at  hand  may  be  used  for  this 
purpose.       The  weight  of  rail  will  be  taken  at  90  pounds  to 
the  yard.       The  guard  timbers  v/ill  be  spaced  18"  from  the  rail. 
The  guard  timber  will  be  draped  over  the  ties  to  prevent  bunch- 
ing. 
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COKBELS . 

The  required  len^^th  of  bearing  area  is  6"  and  cor- 
"bcls  v/ill  "be  used  in  one  design.      The  end  grip  required  is 
12",  but  by  the  connection  of  the  stringers  to  the  cap,  as 
shovm  by  the  plans  on  the  following  pages ,  will  make  possible 
the  use  of  the  cap  already  designed.      The  corbel  in  the  oth- 
er case  will  bring  about  the  same  end.      The  corbels  will  be 
made  8"  x  8"  x  4'.       The  stringers,  having  staggered  joints, 
are  as  rigidly  connected  as  possible,  forming  to  a  certain 
extent,  a  fixed  beam,  continuous  over  the  supports.  The 
bending  moment  is  thus  reduced,  and  the  cap  will  prove  safe. 
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